This study evaluated a participatory-based, experiential learning program, Ontario Focus Farms (FF), which aimed to change dairy producer behavior to control Johne's disease (JD) in Ontario, Canada. The goals were to (1) assess the effect of FF on participating dairy producers' knowledge, attitudes, and behavior with regard to JD control; (2) compare changes in these factors among FF participants to changes among a group of nonparticipating dairy producers; and (3) describe the characteristics of producers who made at least one on-farm management change. Pre-and post-FF intervention questionnaires collected data on respondents' knowledge, attitudes, behavior, herd production, and demographic information; before and after JD-risk assessments were used to assess respondents' on-farm risk of JD transmission. Overall, 176 dairy producers participated in the FF process; 39.8% (70/176) of FF and 14.6% (52/357) of control participants responded to both the pre-and postintervention questionnaires. Upon comparison, FF respondents were more likely to be younger, have larger herds, and have higher management scores. The proportion of FF participants who reported making at least one onfarm change (81%) was significantly higher than that of control respondents (38%). Overall, FF respondents significantly changed their risk score in 4 out of 5 risk areas and had an average reduction of 13 points in their overall risk score between before and after risk assessments. Control respondents' risk assessment scores did not significantly change during the study period. In a JD knowledge assessment, FF and control respondents exhibited a moderate knowledge score before the intervention period, with median scores of 75.9% (22/29) in each group. The FF respondents significantly increased their score at the postintervention assessment, with a median of 82.8% (24/29); control-respondent scores did not significantly change. Both FF and control respondents held strong positive attitudes toward JD control and felt a moderate amount of social pressure from veterinarians and industry organizations to make on-farm changes. However, they questioned their ability to effectively control JD on the farm. Last, participating in FF, having a moderate herd management score, having a positive perception about the practicality of on-farm recommendations, and having a singular learning preference were associated with increased odds of making an on-farm change. Overall, the FF process appears to be effective at influencing producer behavior toward implementing on-farm management practices for JD control. Future JD control programs should consider implementing peer-learning extension processes, such as FF, in combination with other extension approaches, to influence producer behavior.
INTRODUCTION
The prevention and control of dairy cattle diseases are keys to producing safe, high-quality milk products for consumers. Johne's disease (JD), an enteric disorder caused by Mycobacterium avium ssp. paratuberculosis (MAP) , is an important production-limiting disease, affecting cattle in many countries worldwide (Sweeney et al., 2012) . In Canada, 32% of dairy herds have at least 2 seropositive cows (Tiwari et al., 2009) . Of increasing concern is the evidence suggesting that MAP plays a role in Crohn's disease (Chiodini et al., 2012; Sweeney et al., 2012) . A causal link between MAP and Crohn's disease, or even consumer perception that dairy products pose a health risk, could be devastating for the Canadian dairy industry.
With no cost-effective treatment available, JD control is recommended through periodic testing of cows and implementing management changes to improve farm biosecurity (Sweeney et al., 2012) . As a result, many national JD control programs use veterinarianadministered risk assessments (RA) to identify highrisk on-farm management practices and influence producer behavior to adopt JD control practices (Ken-nedy and Allworth, 2000; Groenendaal et al., 2003; Nielsen, 2007; Collins et al., 2010; Barker et al., 2012) . Although RA-based JD control programs have been widely implemented, their efficacy is largely dependent on the veterinarian's ability to communicate with his or her clients and the producer's willingness to adopt the recommended on-farm management practices for JD control (Sorge et al., 2010b) . Several studies examining the uptake of on-farm management practices to control JD have reported poor producer uptake (Wraight et al., 2000; Jubb and Galvin, 2004; Ridge et al., 2005; Sorge et al., 2010b) . This is likely due to the inability of the RA, and the veterinarian administering the RA, to address the factors associated with behavioral change (Sorge et al., 2010b) . Social psychological theories suggest that behavior is influenced by a complex set of internal (i.e., attitude, perception, knowledge, beliefs, learning preferences, skills) and external (i.e., economics, penalties, mandates, incentives) factors (Boxelaar and Paine, 2005) . One such theory is the theory of planned behavior (TPB), which identifies a set of psychological constructs (i.e., latent concepts or factors) that influence behavioral intentions and actual behavior (Ajzen, 2006) . Several studies have applied this theory to understand and measure the factors influencing farmer behavior (Kuiper et al., 2005; Jansen et al., 2010a; Garforth et al., 2013) , providing evidence of the fact that changes in TPB factors influence different behaviors. The TPB suggests that behavior is influenced by 3 key constructs, each of which is composed of 2 interacting components: (construct 1) attitudes toward the behavior, consists of "behavioral beliefs" (i.e., beliefs about the consequences of the behavior) and an "outcome evaluation" (i.e., the positive or negative judgments about each behavioral belief); (construct 2) subjective norms (i.e., perceived social pressure to perform the behavior), consists of "normative beliefs" (i.e., the positive and negative judgments of the social pressure an individual receives from other individuals they perceive as important) and "motivation to comply" (i.e., the strength of motivation to change their behavior resulting from each source of social pressure); (construct 3) perceived behavioral control (i.e., perceived ability to perform the behavior), consists of "control beliefs" (i.e., beliefs about factors that inhibit or facilitate performing the behavior) and "power to control behavior" (i.e., the individual's perception of the power each factor has on performing the behavior) (Francis et al., 2004) . As outlined by the TPB, these 3 constructs combine to influence an individual's intention to perform a given behavior and ultimately his or her behavior (Francis et al., 2004; Ajzen, 2006) . Therefore, to effectively influence dairy producer behavior, these factors, or antecedents of behavioral change (i.e., knowledge, attitudes, perceptions), need to be addressed.
In Canada, JD control is coordinated nationally; however, each province is responsible for creating and administering their own control program (Barker et al., 2012) . Beginning in 2010 Ontario implemented a 3-year, voluntary JD control program, called the Ontario Johne's Education and Management Assistance Program (OJEMAP) (OJEMAP, 2009) . The program was composed of an education component, a veterinarian-administered on-farm RA, and voluntary, wholeherd testing. The education component of OJEMAP focused on the development of an extension model to improve the adoption of on-farm management practices to control JD. The resulting model, Ontario Focus Farms (FF), is an agricultural extension approach that aims to influence producer behavior by addressing their knowledge and attitudes (Roche, 2014) . Conceptually, FF uses the principles of adult education and experiential and participatory learning theory and follows 4 key principles: (1) participatory, self-directed, and collaborative, based on group-identified priorities; (2) honest communication and trust; (3) planning, action, and implementation; and (4) reflection. Practically, FF is implemented as a series of meetings, with group sizes between 7 and 12, which are facilitated by professionally trained veterinary practitioners.
The first objective of this study was to evaluate the effect of FF on participating dairy producers with respect to their knowledge and attitudes (i.e., thoughts, opinions, feelings) about, and behavior toward, JD control. The second objective was to compare changes in these factors among FF participants to changes among a group of nonparticipating Ontario dairy producers. The final objective was to investigate and describe the characteristics (i.e., demographic factors, knowledge, and attitudes) of producers who made at least one onfarm management change to control JD. Roche (2014) provides a detailed overview of the implementation of the FF process. Briefly, 8 regions of Ontario were used for FF establishment (Kirkton, Seaforth, Listowel, Tavistock, New Liskeard, Napanee, Winchester, Navan) to address issues surrounding JD control. Two separate cohorts of the FF approach were implemented, which took place between November 2010 and November 2011 (cohort 1) and December 2011 and December 2012 (cohort 2). Cohort 1 consisted of 8 groups and 105 dairy producers, and cohort 2 included 6 groups and 71 producers. Each group consisted of 7 to 12 dairy producers and held a minimum of 5 meetings.
MATERIALS AND METHODS

Ontario FF
A regional veterinarian, trained in facilitation, was used in each meeting to create a comfortable, supportive, and trusting learning environment. Facilitators ensured meetings were self-directed by participants, meaning that each group controlled the content discussed and learning activities used, through goal setting, prioritization, and discussion. Each meeting was a combination of a half day of on-farm tours and activities and a half day of roundtable discussions and indoor activities. Although the specific content of each group meeting focused on various issues surrounding JD and JD control, common themes included maternitypen management and design, cow-calf separation and feeding, manure management, testing and purchasing animals, managing a JD-positive animal or herd, calf feeding and housing, transition-cow management, and lameness. Common activities included exemplar farm tours (as chosen by groups), meeting with technical or content experts (as requested by groups), roundtable group discussions, participant presentations on their farm-specific issues, group work or learning activities (e.g., "think-pair-share," "JD Jeopardy game"), testresult interpretation, demonstrations and discussions of various on-farm management practices (e.g., maternity pen management, calf housing, transition-cow management, and so on), and planning or brainstorming sessions focusing on problems common to the group and on producer-specific issues (Roche, 2014) .
Participant Recruitment
E-mail and mail-out letters to all Ontario veterinary clinics, and articles in provincial dairy magazines, were sent out to recruit bovine veterinarians to act as FF facilitators. Selection criteria for veterinarians included having practiced in the Ontario dairy industry for more than 2 yr, being willing to be professionally trained in facilitation, and committing to implementing the FF process within their practice region. Veterinarians from 8 regions of Ontario (Seaforth, Kirkton, Listowel, Tavistock, New Liskeard, Napanee, Winchester, Navan) voluntarily agreed to participate in FF as facilitators. In September 2010, all recruited veterinarians successfully completed a professional facilitator-training program (Leadership Strategies: The Facilitation Company). This training included lecture from a professional facilitator, active role-playing and group simulations, and numerous educational materials in the form of a facilitator-training handbook. Each FF facilitator was responsible for establishing one FF group per cohort in their respective regions. Facilitators were not given specific inclusion criteria for recruiting producers and were asked to simply approach their clients regarding participation. Dairy producers were recruited in person and through clinic newsletters, e-mail, and phone. During recruitment, potential participants were briefed on the concept of FF and the expectation of active participation in group discussions and activities. No fee or incentive was offered for participation in the FF process.
For comparison purposes, another sample of Ontario dairy producers was recruited in April 2011, via e-mail and postal mail, to form a control group. A random number generator was used to select 400 dairy producers from the Ontario milk marketing board (Dairy Farmers of Ontario) database, which holds current contact information for all Ontario producers. The inclusion criteria for participation were being an owner or co-owner of a dairy herd in Ontario for at least 12 mo and being willing to refrain from participating in other formal, active extension programs during the study period. In addition, potential participants were excluded if they had participated in any JD research within the past 12 mo.
Data Collection
Data about producer knowledge, attitudes, and behavior were collected using pre-and postintervention questionnaires; data pertaining to on-farm risk of JD transmission were collected using pre-and postintervention JD RA. In this study, behavior change is defined as the uptake or adoption of at least one on-farm management practice specifically for JD prevention or control.
Preintervention Questionnaire. A preintervention questionnaire (Q1) was administered (paper copy or online) to cohort 1 participants between October and November 2010, and cohort 2 participants and control producers received it between November and December 2011. Data on producers' attitudes and behaviors, with respect to JD control, as well as subjective knowledge of JD (i.e., a producer's assessment of how much he or she knows about JD), were collected using open-and closed-ended questions, as well as 10 statement items, the latter of which respondents rated using a 5-point Likert scale (1 to 5) according to their level of agreement (e.g., strongly disagree to strongly agree).
Respondents' level of knowledge of JD was also measured using a JD assessment, which was adapted from a previously existing JD knowledge assessment (Johne's Information Centre, 2010). The assessment tool was composed of 29 multiple-choice questions and assessed producer knowledge with respect to signs and symptoms, rates of transmission, on-farm risk factors, susceptibility, testing, culling protocols, and methods Respondent learning preferences were assessed using the 16-item visual, auditory, read-write, kinesthetic (VARK) questionnaire (v. 7.1; Fleming, 2011) , which identifies an individual's preferences for receiving new information. The VARK instrument classifies individuals as having a singular preference or a preference for some combination of delivery modes [e.g., bimodal (V, A), trimodal (V, A, R), or multimodal (V, A, R, K)].
Respondents were also asked to report their demographic characteristics (i.e., age, sex, ethnicity, income, education level). Last, respondents were asked to provide access to their CanWest DHI farm-level data including management score (i.e., an annual score, calculated using a point system assessing milk value, udder health, calving interval, age at first calving, herd efficiency, and longevity, used to compare herd performance across herds), herd size, herd turnover rate, and the averages for 305-d milk production per cow (kg), fat production (kg), protein production (kg), SCC, calving interval (days), dry period (days), number of days at first breeding, days open, and number of breedings per cow per year (CanWest DHI, 2009) .
Postintervention Questionnaire. A postintervention questionnaire (Q2) was administered to cohort 1 participants between November and December 2011, and cohort 2 participants and control producers received the questionnaire between December 2012 and January 2013. The Q2 duplicated the Q1 questions on respondents' attitudes and behaviors and included the same JD knowledge assessment. In addition, respondents were asked to report whether they had made on-farm changes to address JD during the intervention period and, specifically, what changes they had made. The FF respondents' also answered dichotomous (yes-no) questions corresponding to perceived changes in their ability to manage JD, as well as whether FF facilitated making on-farm changes.
An indirect-measure TPB instrument, developed according to the TPB manual provided in Francis et al. (2004) , was also included in Q2. More specifically, the TPB instrument was created by breaking each construct [i.e., attitudes, social norms, and perceived behavioral control (PBC)] into relevant subcomponents (item pairs) and then measuring each item pair individually. The sum of all item pairs relating to one specific construct then represents the overall score for that construct. The 34-item instrument used in this study measured respondents' attitudes, subjective norms, and PBC toward making an on-farm change to control JD. Attitudes were measured using 7 item-pair statements; each pair consisted of a behavioral belief statement (e.g., I am concerned about the health effects of JD on my herd), rated from 1 to 5 (strongly disagree to strongly agree), and an outcome evaluation statement (e.g., Being concerned about the health effects of JD on my herd is:), rated from −2 to +2 (very unimportant to very important). The 7 item-pair statements for attitudes corresponded to attitudes toward the financial, cow health, and human health effects of JD; prevention and control of disease; efficacy of management practices; and effects on herd health. Subjective norms were measured using 5 item-pair statements, where each pair consisted of a normative belief statement (e.g., My fellow producers made changes to prevent and control JD), rated from −2 to +2 (strongly disagree to strongly agree), and a motivation to comply statement (e.g., What my fellow producers do on their farm matters to me), rated 1 to 5 (not at all to very much so). The 5 item-pair statements corresponded to the amount of social pressure respondents felt from fellow producers, veterinarians, industry organizations, and consumers. Finally, PBC was measured using 5 item-pair statements, where each pair consisted of a control belief statement (e.g., Changing practices to control JD is too time consuming), rated from 1 to 5 (strongly disagree to strongly agree), and a power statement [e.g., When changing practices is time consuming, I am (more or less likely) to change], rated −2 to +2 (much less likely to much more likely). The 5 item-pair statements corresponded to the influence of time commitments, financial cost, and practicality of changes; presence of clinical signs of disease; and test accuracy on perceived control. An overall measurement for each of the TPB constructs was obtained using an expectancy-value equation (TPB construct ∝Σb i e i ), as outlined by Ajzen (2006) . A score for each item pair [composed of a belief statement (b i ) and an outcome statement (e i )] was calculated by multiplying the value of each belief statement by the value of its corresponding outcome statement. The total score for each construct (a collection of all the item pairs that make up each construct) was then obtained by summing the products from all corresponding item pairs (Francis et al., 2004 of involvement in FF) was responsible for conducting the RAMP used in this study. In total, the veterinarian-administered RAMP contained 23 items focused on specific management practices. Items were scored as a 1, 4, 7, or 10, with higher scores given for higher risk (OJEMAP, 2010) . There were 5 sections in total: (1) cattle-addition risks (maximum score: 60), (2) calvingarea risks (maximum score: 80), (3) heifers-preweaned risks (maximum score: 70), (4) heifers-weaned to first calving risks (maximum score: 40), and (5) cows-risks (maximum score: 50). Item scores were summed within each section to provide section scores, which were then summed to provide an overall risk score (maximum score: 300), where a high score represents a high level of risk of JD transmission.
Postintervention JD RAMP. Postintervention RAMP (RAMP2) were administered for cohort 1 participants between November and December 2011 and for cohort 2 participants and control producers between December 2012 and January 2013.
The Research Ethics Board of the University of Guelph approved this study (protocol #: 11AP009), and all participants provided informed, written consent.
Data Analysis
All data entry, cleaning, and screening were completed using Microsoft Excel 2011 for Mac (version 14.3.8) , and all statistical analyses were conducted in STATA/IC 12.1 for Mac (StataCorp, College Station, TX). Unless otherwise indicated, the significance level for all statistical tests was set at P < 0.05.
Pre-and Postintervention Questionnaire. Demographic and farm-level characteristics were compared between FF and control respondents using a Fisher's exact test. Demographic characteristics of all respondents (i.e., FF and control respondents), as well as FF and control groups separately, who reported making a behavioral change were compared using a Fisher's exact test. Individual TPB-construct scores were stratified by demographic characteristics (e.g., attitude scores stratified by age groups) of all respondents, as well as FF and control respondents separately, and compared. Differences between individual subcategories of variables (e.g., age group <35 vs. 35 to 44) were assessed using a binomial test for proportions. Within-group comparisons (i.e., FF and control groups) between Q1 and Q2 JD knowledge assessment scores, and respondent answers regarding their attitudes (i.e., awareness, knowledge, and behavior, with respect to JD), were made using Wilcoxon signed-rank tests for paired data. Between-group comparisons, with respect to Q1 and Q2 JD knowledge assessment scores, and TPB responses, among FF and control producers, were made using Wilcoxon-Mann-Whitney rank sum tests. Last, gain scores (comparisons between 2 repeated measures to assess changes as a loss or gain) were calculated by subtracting preintervention scores from postintervention scores, to assess the difference between Q1 and Q2 knowledge assessments; comparisons were made using t-tests as the data were normally distributed.
Pre-and Postintervention JD RAMP Comparisons. Within-group comparisons (i.e., FF and control groups) between RAMP1 and RAMP2 scores were made using a paired t-test. Between-group comparisons, with respect to RAMP1 and RAMP2 scores among FF and control producers, were made using ttests. Last, gain scores were calculated by subtracting preintervention scores from postintervention scores, to assess the difference between RAMP1 and RAMP2 scores; comparisons were made using t-tests.
Changes in On-Farm Behavior.
Respondent answers to open-ended questions regarding the specific on-farm changes made were reviewed, categorized based on similarities, and tallied to assess the frequency, and type, of on-farm changes reported.
Univariable Regression Analyses. Logistic regression likelihood ratio tests were used to assess the univariable associations between the dichotomous outcome [whether a respondent made at least one onfarm management change (yes or no)] and demographics [cohort, group (FF or control), age, sex, ethnicity, education, income, herd size, and DHI management score], pre-and postintervention knowledge scores, gain scores, pre-and postintervention RAMP scores, VARK learning preferences, and both individual and aggregated (overall) TPB-construct scores. Spearman rank correlation coefficient analyses were performed between predictors, with a correlation coefficient of 0.80 or higher used to indicate high correlation. In the event of 2 variables being highly correlated, the variable with fewer missing values was used.
Multivariable Regression Analyses. A multivariable logistic regression model was used to investigate the characteristics associated with a respondent making at least one on-farm management change to control JD. All explanatory variables unconditionally associated with the outcome at a significance level of 20.0% or less were initially included in the model. A manual stepwise, backward elimination procedure, using likelihood ratio tests, was used to construct the main-effects model. Confounding was assessed by observing a change of 30.0% or more in model coefficients when a variable was removed; identified confounders were forced into the model. All biologically plausible, 2-level interaction terms of the final main effects were tested. Model fit was assessed using a Hosmer-Lemeshow goodness-of-fit test. Plots of EVALUATING THE EFFECT OF ONTARIO FOCUS FARMS 5227 residuals and leverage points were used to assess outliers and influential observations in the final model, and delta-beta values were used to assess the effect of each covariate pattern on the model coefficients .
RESULTS
Pre-and Postintervention Questionnaires
In total, 51.7% (91/176) of FF participants responded to Q1. Prior to administering Q2, 5 respondents dropped out of FF [left dairy industry (n = 2), health reasons (n = 2), unknown (n = 1)]. Among the remaining 86 respondents, 70 completed Q2, yielding a response rate of 81.4% (70/86). In total, 89.3% (357/400) of dairy producers contacted were eligible as control participants in this study, of which 62 responded to Q1, yielding a response rate of 17.4% (62/357). After accounting for one respondent leaving the dairy industry before administering Q2, 85.2% (52/61) of control-group respondents completed Q2. Statistical comparisons between the herd size, DHI management score, learning-style preferences, and demographic characteristics of FF (n = 70) and control (n = 52) respondents who completed Q1 and Q2 are shown in Table 1 . Overall, FF respondents were significantly more likely to be younger, have larger herds, and have higher DHI management scores than control respondents.
Overall, 97.1% (68/70) FF and 90.4% (47/52) of control respondents had farm-level production information available through CanWest DHI. Comparisons between the farm-level production data for FF and control respondents are shown, along with the production characteristics for all Ontario DHI herds (n = 3,090), in Table 2 . Herds of FF and control respondents did not significantly differ.
In Q2, 88.6% (62/70) of FF respondents indicated that the FF process facilitated the implementation of on-farm changes. In addition, 87.1% (61/70) reported that FF increased their ability to implement on-farm changes. Eighty-one percent (57/70) of respondents reported implementing at least one on-farm management change to address JD as a result of FF. Of these respondents, 17.5% (10/57) made 1, 29.8% (17/57) made 2, 28.1% (16/57) made 3, and 24.6% (14/57) made 4 changes. Upon comparison, significantly fewer (P < 0.01) control respondents made on-farms changes; 38.5% (20/52) reported implementing at least one onfarm management change. Of these respondents, 50.0% (10/20) made 1, 35.0% (7/20) made 2, and 15.0% (3/20) made 3 changes. The most commonly reported change by both FF (n = 23) and control respondents (n = 11) was the removal of calves from the maternity pen within 3 h after birth. Table 3 provides a categorized list of on-farm changes reported by FF and control respondents.
Comparisons of Q1 and Q2 among FF and control respondents, with respect to their subjective knowledge (i.e., how much they think they know) of the general facts of JD control, their perceived level of on-farm risk of JD (i.e., how at risk they believe their farm to be), and their overall concern about JD on their farm, are shown in Table 4 . Among those who perceived an increase in their JD knowledge between Q1 and Q2, 82.9% (29/35) of FF and 50.0% (2/4) of control respondents reported making at least one on-farm management change. In addition, 87.0% (20/23) of FF and 14.3% (1/7) of control respondents who perceived a decrease in the level of on-farm risk of JD, from Q1 to Q2, reported making at least one on-farm management change. Last, among those who reported an increase in their overall concern about JD on their farm between Q1 and Q2, 80.0% (16/20) of FF and 33.3% (5/15) of control respondents reported making at least one change.
Among FF respondents, Q1 JD knowledge assessment scores (maximum score of 29) ranged from 10 to 27, with a median score of 22. The Q1 scores among control respondents ranged from 14 to 26, with a median score of 22. The distributions of the Q1 JD knowledge assessment scores among FF and control respondents were not significantly different (P = 0.15).
The Q2 JD knowledge assessment scores (maximum score of 29), among FF respondents, ranged from 16 to 27, with a median score of 24. Among control respondents, the Q2 scores ranged from 17 to 25, with a median score of 22. The distributions of the Q2 JDknowledge assessment scores between FF and control respondents were significantly different (P < 0.01).
Changes in FF respondent scores between the Q1 and Q2 assessments were statistically significant (P < 0.01), whereas changes in control-respondent scores were not (P = 0.216). In addition, the JD knowledge assessment gain scores (Q2 score − Q1 score) among FF respondents ranged from −3 to +12, with an average of 1.33 and a standard deviation of 3.19. The gain scores among control respondents ranged from −5 to +6, with an average of −0.44 and a standard deviation of 2.70. The differences between average FF and controlrespondent gain scores were statistically significant (P < 0.01). Among those with positive gain scores, 72.5% (29/40) of FF and 50.0% (9/18) of control respondents reported making an on-farm change.
The results of the Q2 TPB assessment are shown in Table 5 . Differences in TPB measures between FF and control respondents, with respect to each item pair and overall construct score, were not statistically significant (P > 0.05). No significant differences in TPB constructs (P > 0.05) were observed between those that reported making an on-farm change and those that did not. Additionally, no significant differences (P > 0.05) were found when the individual values of each TPB construct were stratified by the demographic characteristics of all respondents (i.e., FF and control respondents), and FF and control respondents separately, and compared. Last, comparisons between the demographic characteristics of all respondents that reported making a behavioral change yielded no statistically significant results (P > 0.05); further stratification of respondents by intervention group (i.e., FF and control) similarly yielded no significant differences (P > 0.05).
Pre-and Postintervention JD RAMP
Overall, 90.1% (82/91) of FF respondents had RAMP1 completed by their herd veterinarian, and 90.7% (78/86; 5 dropouts during intervention period) of remaining respondents had RAMP2 completed. Among control respondents, 75.8% (47/62) had RAMP1 completed, whereas 52.5% (32/61; 1 dropout during intervention period) of remaining respondents had RAMP2 completed. Comparisons of RAMP1 and RAMP2 scores, within and between FF and control respondents, are shown in Table 6 . Comparing RAMP1 and RAMP2 scores among FF respondents, the overall RAMP score (maximum score: 300), and 4 of 5 section scores, significantly decreased (P < 0.05), indicating lower risk. The RAMP scores among control respondents did not change significantly. Among FF respondents that reported making at least one on-farm management change (n = 50; 7 were excluded because of missing RAMP1 or RAMP2 score), RAMP gain scores ranged from −75 to +24, with an average of −16.6 and a standard deviation of 23.2. Among control respondents that reported making an on-farm change (n = 17; 3 were excluded because of missing RAMP1 or RAMP2 score), RAMP gain scores ranged from −48 to +42, with an average of −4.1 and a standard deviation of 33.6. Gain scores, among FF and control respondents who reported making at least one on-farm management change to address JD, were significantly different (P = 0.05).
Characteristics Associated with Making On-Farm Changes
The final multivariable model assessing respondent characteristics associated with making an on-farm management change to address JD was statistically significant (likelihood ratio χ 2 (11) = 56.98, P < 0.01) and included 4 predictor variables: producer group (FF or control), DHI management score, perceived practicality of recommendations for JD control [a PBC measure; categorized as neutral (0), slightly negative (−1 to −2), and moderately negative (−3 to −4)], and VARK learning preferences (Table 7 ). In addition, herd size was forced into the model to account for a potential confounding relationship between DHI management score and the outcome. The model results show that the odds of making an on-farm change among FF respondents were 33.7 times greater than those making a change among control respondents. With respect to DHI management score, the odds of making a change among herds with moderate overall performance (500-750) were 14.8 times greater than those with low overall performance (<500), whereas the odds among respondents with a score >750 were 13.4 times greater than those with a score of <500. The odds of making a change among respondents with a neutral perception of the practicality of on-farm recommendations were 2.5 and 14.1 times greater than the odds among respondents with a slightly negative and moderately negative perception of recommendations, respectively. Last, compared with respondents with multimodal learning preferences (i.e., preference for all 4 modes of learning), the odds of making an on-farm change were greatest among respondents with a singular preference for aural (e.g., lecture), kinesthetic (e.g., farm tour), and read-write learning (e.g., fact sheet), respectively. In addition, respondents with a preference for 2 and 3 modes of learning (i.e., V, A or V, A, R) had greater odds of making an on-farm change over those with multimodal preferences (i.e., V, A, R, K).
DISCUSSION
On-Farm Change and JD Risk
Overall, 81% of FF respondents reported making at least one on-farm management change to address JD, as compared with only 38% of control respondents. More than 50% of those FF respondents that made at least one management change reported making more than 2 on-farm changes to address JD, compared with only 15% of control respondents. Interestingly, whereas a significantly higher proportion of FF respondents made on-farm management changes, several control respondents also reported making at least one management change. This change in behavior may be a result of the provincial JD program, OJEMAP, which was running during this study. This change may also be a result of participation in this study, as producers may have completed Q1 and been influenced to consider addressing JD on their farm as a result. Importantly, the significantly higher proportion of FF respondents implementing changes suggests that the FF process was effective at influencing behavior beyond that of the provincial program, which was implemented for that very purpose.
The number of changes implemented per respondent in this study is higher than a previous Canadian report, where only 60% of respondents implemented one on-farm recommendation (Sorge et al., 2010b) . The majority of the changes implemented by producers in this study are key areas of concern in the RAMP, with many respondents focusing on calf management in particular. Specifically, respondents commonly reported removing calves more quickly after birth and feeding colostrum sooner and in larger quantities. Furthermore, many of the changes made correspond to some of the most common recommendations made by Canadian dairy veterinarians for JD control (Sorge et al., 2010b) . Hence, the changes made by study respondents are expected to be useful in preventing further on-farm spread of MAP. Although, it is important to consider that the relative magnitude of each change, in terms of effect on JD spread, cannot be judged here without a more detailed look at the reference situation on each respondent's farm. Furthermore, what might be considered a relatively small change (i.e., increased bedding in calving pen) for one farm might actually be a more significant change, with respect to JD spread, on another farm. As such, this study specifically sought to measure the change in behavior and used the RAMP scores to assess relative effect. The average RAMP1 score among FF and control respondents did not significantly differ and represented a medium level of risk with respect to on-farm JD transmission. These values were only marginally lower (i.e., representing lower risk) than the average Ontario RAMP score (120 of 300 total points) obtained from more than 2,000 completed RAMP between 2010 and 2013 (L. Pieper, University of Guelph, Guelph, Ontario, Canada, personal communication). Thus, they appear to reflect the scores of the general Ontario population. The average RAMP2 score among FF respondents significantly decreased from the average RAMP1 score and represented a low level of risk with respect to onfarm transmission. The RAMP scores among control respondents did not change. It is important to consider that an individual might be more likely to make a change if there are more opportunities to improve (i.e., if the RAMP1 score is high, then there is more opportunity to make a change, compared with someone with a low RAMP1 score to begin with). However, upon investigation, those with higher RAMP1 scores were not more likely to implement on-farm changes in this study. Overall, almost 90% of FF respondents who made an on-farm change decreased their RAMP2 score. Therefore, the changes that were made by respondents were deemed by the veterinarian to reduce the risk of on-farm transmission of JD, resulting in a reduced RAMP score. Several other studies have observed similar relationships when comparing 2 sequential RAMP (Raizman et al., 2006; Wells et al., 2008; Sorge, 2010a) . Additionally, FF respondents significantly decreased their RAMP2 score in almost every subsection of the assessment; the one section that did not significantly change was related to the purchase of animals in the past 5 yr. Given the RAMP marking scheme, and the temporal proximity of the 2 RAMP, even if purchasing behavior changed between RAMP, the section score for a producer who had purchased an animal within the previous 5 yr would not have changed during this study period, as it was less than 5 yr.
The Antecedents of On-Farm Change
Another key objective to the evaluation of FF was to assess the effect of FF on respondents' knowledge and attitudes with respect to JD control. In this study, knowledge was measured in 2 ways: (1) by asking producers to report how much they think they know about JD control, and (2) by administering a knowledge assessment to assess how much they actually know. More than 50% of FF respondents believed that their level of knowledge about JD control had increased to at least a moderate level, 83% of which reported making a change to address JD on their farm. Similar findings were reported by Jansen et al. (2010a) , who identified that an increase in an individual's perceived level of knowledge of mastitis (i.e., how much they think they know about mastitis) was positively associated with a decrease in bulk-milk SCC. It is important to consider, however, that measures of perceived level of knowledge, termed "subjective knowledge," typically reflect an individual's level of self-confidence with respect to performing a given behavior (Chiou, 1998) . Furthermore, 87% of FF respondents reported increased confidence in dealing with JD on their farm as a result of the FF process, 90% of whom also reported making at least one change (Roche, 2014) . This high level of self-confidence may suggest a feeling of empowerment in the sense that they now believe they have the knowledge and skills to perform the behavior, which may have resulted from participation in, and experiences from, the FF process. This is an important consideration, because other studies have shown that participation in processes such as FF can lead to improved self-confidence and empowerment (Wilcox, 1994; Jupp, 2007) . Thus, the influence of increases in subjective knowledge on producer behavior may have more to do with an increase in respondents' level of self-confidence to control JD, and a feeling of empowerment, rather than an explicit increase in their level of knowledge.
A review of the results of the knowledge assessment (i.e., quiz), to understand how much producers actually knew about JD control before and after the intervention period, showed that the knowledge score of FF respondents significantly increased during the study period, whereas the knowledge score of control respondents did not. Furthermore, 70% of FF respondents who reported making an on-farm change exhibited increased knowledge scores at Q2. However, both FF and control respondents displayed a moderate to good knowledge score before any intervention. This suggests that the majority of respondents possessed sufficient knowledge, as measured by the knowledge assessment, with respect to JD and JD control before the intervention. As a result, knowledge may not have played a significant role in influencing the increased adoption observed among FF respondents in this study. Similar conclusions were made by Kuiper et al. (2005) , who found that a lack of general knowledge and problem awareness were not the key factors explaining the adoption of management practices to control mastitis among Dutch dairy farmers. Lam et al. (2011) expressed similar views regarding knowledge and behavior, suggesting that knowledge is not the barrier in improving udder health among Dutch dairy farmers. Therefore, although the increases in knowledge score observed in this study are important, we expect that it may not have been a significant driver of change among study respondents. The TPB assessment showed that both the FF and control groups displayed similar attitudes, subjective norms, and perceived behavioral control. Although these groups did not significantly differ from one another, the strength of various components of the TPB constructs provides useful results to inform future extension approaches. Both groups possessed a moderate to strong positive attitude toward controlling JD. The most influential attitude, with respect to making changes to control JD, was that controlling JD was an important aspect in improving herd health. This was followed by a strong attitude that preventing and controlling JD makes respondents good managers of herd health. Thus, it appears that respondents were most driven to address JD because they valued managing and improving herd health. These particular attitudes provide useful insights in respondents' self-identity (i.e., an individual's view of themselves in a social context, ex., "I am a good manager if I control JD on my farm") and suggest that the belief that "controlling disease on the farm makes producers a good herd manager" is an important driver of on-farm behavior. Similar findings are reported by Wauters et al. (2014) , who identified self-identity as a significant contributor to behavior change toward adopting biodiversity conservation practices among Belgian farmers. Typically, JD extension focuses on producer awareness of the production, financial, and human health effects of JD to motivate change. Interestingly, perceptions about these factors tended to have the weakest positive influence on making on-farm changes for JD control. These findings suggest that communicating JD control as part of a holistic approach to improving herd health, and supporting the view that JD prevention and control equates to being a good manager of herd health, will be effective influencing change.
Both FF and control respondents also perceived a moderate amount of social pressure to make on-farm changes to control JD. Both groups felt herd veterinarians were highly influential in their decision to make changes. As one of the primary sources of reliable information and advice on disease management, veterinarians are in a position to play a central role in influencing farmer behavior (Kuiper et al., 2005; Jansen et al., 2009; Lam et al., 2011) . However, veterinarians' ability to influence behavior is largely dependent on the communication approaches they employ (Vaarst et al., 2007) . Lam et al. (2011) suggest that effective producer communication requires veterinarians to account for different producer learning styles, take a proactive approach toward prevention, personalize messages, and provide a realistic frame of reference for producers with regard to disease problems. Further supporting evidence of this is the finding reported here, that producer learning-style preferences were significantly associated with increased odds of making an on-farm change in this study. Overall, these findings suggest that JD control programs will benefit from employing the use of veterinarians to influence producer behavior and should consider the efficacy of the communication methods employed and their alignment with specific learning preferences, as these considerations have important ramifications with respect to behavior.
Both groups of respondents also felt that producer organizations highly influenced their decision to make changes. This is an important consideration, because communication efforts from industry-led initiatives provide the opportunity to influence change from a population level. Lam et al. (2011) suggest that a key to effective communication at this level is that all organizations in the farmer's social environment articulate the same message, which will avoid confusion and maintain trust in the sources of the information. Thus, industry-led initiatives need to ensure they are conveying the same message with respect to JD. Coordinating outreach at both the veterinarian and organization level, and focusing on the considerations discussed herein, is therefore likely to be effective for JD control. Interestingly, Jansen et al. (2010b) showed that the combination of 2 different routes of communication, one through veterinarians and another through an industry-wide mass-media campaign, was effective in disseminating knowledge and changing on-farm practices to address mastitis among Dutch dairy farmers. Although communication at both of these levels is relatively commonplace among Ontario dairy outreach programs, the focus moving forward must be on effectively communicating the message of long-term control. Future extension programs will be strengthened by considering the social factors that influence behavior and ensuring that all sources are relaying the same message in a clear and consistent way.
Focus Farm and control respondents exhibited a slightly negative perception of their ability to effectively control JD on their farm, which was influenced by the perceived practicality of on-farm recommendations. Furthermore, the odds of making an on-farm change increased as the perception of the practicality of on-farm recommendations increased from negative to positive. Therefore, producers who felt that management practices for JD control were practical were more likely to adopt those management practices. Similar findings were identified by Garforth et al. (2013) , who showed that the perceived practicality and efficacy of on-farm management practices strongly influenced whether English sheep and pig farmers made an onfarm change. The chronic nature of JD and a prolonged subclinical phase, 3 to 6 yr in many cases , also seemed to negatively affect the producers' perceived ability to control JD. Furthermore, the accuracy of JD tests has been shown to vary , which appeared to be another influential factor for study respondents. Many studies have shown that PBC was a useful predictor of both behavioral intention and behavioral change (Armitage and Conner, 2001 ). Furthermore, both Jansen et al. (2010a) and Kuiper et al. (2005) reported that PBC was a key factor affecting the uptake of mastitis-control practices among Dutch dairy producers. Thus, we might expect a negative perception of one's ability to effectively control JD on the farm to result in few changes being implemented. However, many respondents in this study reported making on-farm changes to address JD, which showed that even those who made changes questioned their ability to effectively control JD on their farms. This negative perception could stem from the fact that the effects of management changes on JD prevalence will generally not be realized for several years, because of the chronic nature and long incubation period of JD. This delayed effect may result in producers questioning whether the changes have had, or will have, a positive effect. Given these results, the practicality and efficacy of on-farm management practices for JD control must be consistently communicated to producers to improve their perception that they can get control of JD on their farm. In addition, it must be emphasized that JD control requires that producers be vigilant and stay the course to effectively combat this chronic disease. Producers with a negative perception of their ability to control JD may be easier to influence by promoting a more holistic approach to calf health and farm biosecurity, as making changes to improve these issues are essential for raising productive dairy cows. With this approach in mind, highlighting the immediate benefits that these on-farm changes have been shown to have on other fecal-orally transmitted diseases, such as Escherichia coli, Campylobacter spp., Salmonella spp., and Cryptosporidium spp. , may serve to more drastically influence producers' behavior.
When considering the influence of TPB factors, it appears that PBC was not as influential as it has been shown to be in other studies (Jansen et al., 2009 (Jansen et al., , 2010a Kuiper et al., 2005) . We might therefore expect that the positive attitudes toward JD control, and moderate amount of social pressure, played a larger role in the uptake observed in this study. However, these factors were not significantly different among FF and control groups, nor were they significantly different among those who made changes and those who did not. One explanation for the observed difference in behavior is that these 2 populations may differ with respect to factors that were not measured (e.g., motivation, moral and ethical drivers, and so on). Although the TPB is useful for measuring many of the key factors contributing to behavioral change, it does not explicitly measure motivation as a construct and, as such, presents a limitation of this theory as it applies to understanding the influence of motivation on behavior in this study. Producer motivation has been shown to be an important factor influencing behavior (Lam et al., 2011) and is influenced by internal factors, such as management style, perceptions, and attitudes (Jansen et al., 2009) , as well as external factors, such as penalties and incentives (Valeeva et al., 2007) . Lam et al. (2011) reported that influencing internal motivation leads to more lasting change and that it can be influenced through reasoned opinions, which are shared in producer study groups and individual discussions with veterinarians. Thus, participation in FF may have resulted in changes in respondents' internal motivation to address JD, and as a result, account for the difference in adoption observed between FF and control respondents.
The role of certain perceptions measured in this study may be explained by another theory, called the health belief model (HBM). The HBM suggests that a set of constructs (i.e., perceived seriousness, perceived susceptibility, perceived benefits, and perceived barriers) and modifiers (e.g., education level, motivation) affect an individual's preventive health decisions and behaviors (Hayden, 2008) . When compared with control respondents, a higher proportion of FF respondents exhibited increased concern regarding JD on their farm at Q2 compared with Q1. The level of concern about JD on the farm discussed in this study may represent the HBM construct "perceived seriousness," which suggests that the more serious an individual feels a given health issue is (i.e., JD on the farm), the more likely they are to change their behavior to address it. When this perception is considered among FF respondents who reported a change in behavior, 80% of those who expressed a greater level of concern also reported making an on-farm management change. Unlike the level of concern about JD on the farm, a larger proportion of FF respondents expressed a lower perceived risk of JD on their farm at Q2 compared with Q1. The perceived level of risk of JD on the farm discussed in this study may represent the HBM construct "perceived susceptibility," which suggests that the more susceptible an individual feels toward a given health issue (i.e., JD on the farm), the more likely they are to change their behavior to address it. Importantly, 87% of those who reported a lower perceived risk of JD on their farm at Q2 also reported making an on-farm management change. Thus, we might expect that respondents implemented on-farm changes and, as a result, their perception of their farm's level of risk decreased. Overall, from the perspective of the HBM, FF respondents would be more likely to adopt changes because they appeared to express greater concern for JD, had greater awareness of JD, perceived themselves as more knowledgeable, felt empowered (i.e., subjective knowledge), and thought JD measures were practical (reduced barriers, increased benefits). Thus, the HBM provides a useful, comprehensive framework for understanding why FF respondents exhibited more behavioral change.
Study Limitations
In this study, FF appears to be effective at changing producer perceptions about JD and JD control favorably, as a higher proportion of FF respondents reported changes in their perception, compared with control respondents. Furthermore, a significant increase in knowledge-assessment scores, as well as subjective knowledge, among FF respondents indicates that FF was effective in increasing the knowledge of participants with respect to JD control. It is difficult to observe the effect FF had on the TPB-construct measures without a pre-and postintervention comparison; however, FF may not have had a dramatic effect on these factors given that they did not significantly differ among FF and control respondents at the end of the intervention. Despite this, preliminary findings on the effects of FF showed that 66% of FF participants reported a change in attitude toward making on-farm changes to control JD (Roche, 2014) . Thus, the power of this study to detect differences between these groups may have been limited because of a small sample size, and as a result, true differences in TPB constructs may have been missed. Furthermore, the TPB instrument may not have addressed all of the factors that contributed to observed changes in behavior. Although the measurement of the TPB constructs provides valuable insights into the various perceptions and attitudes of respondents, future studies should aim to address as many pertinent factors as possible in TPB instruments and conduct a pre-post assessment to evaluate the effect of interventions on these measures.
Overall, the significant increase in the adoption of on-farm management practices observed among FF respondents, as compared with control respondents, suggests that FF was effective. The level of adoption observed here was larger than other studies (Wraight et al., 2000; Jubb and Galvin, 2004; Ridge et al., 2005; Sorge et al., 2010b) . However, it is important to note that behavior in this study was defined as the uptake or adoption of at least one on-farm management practice specifically for JD control, and as such there is no opportunity to assess the retention and sustainability of the behaviors that were reported to have changed.
Importantly, poor retention of these behaviors will limit their efficacy. Future studies seeking to assess behavioral change among producers would benefit from a longer-term follow-up period to assess behavior retention and sustainability. Pratt and Bowman (2008) suggest that actual behavioral change occurs when the cognitive, social, psychological, and emotional dimensions of the behavior are addressed. Thus, the increase in adoption among FF respondents may be attributed to the fact that FF addressed, and in many cases significantly changed, some of the key antecedents of change (i.e., knowledge, perceptions, and attitudes). Pratt and Bowman (2008) also suggest that if behavior change is the goal, then extension programs must include personally relevant, problem-focused, experiential, active learning practices focused on skill building. Given this recommendation, and the demonstrated improvement in the adoption evidenced in this study, the participatory, collaborative learning methods, which FF employs, appear to be effective in facilitating on-farm change. Furthermore, Trier et al. (2012) and Kingham and Links (2012) have showed that similar approaches were effective in improving on-farm change to control JD among Dutch dairy farmers and Australian sheep farmers, respectively. Thus it would appear that these participatorybased approaches, which embrace collaborative and experiential learning processes, are directly applicable for JD control.
One limitation of this study is that the TPB constructs were only measured indirectly; Francis et al. (2004) suggests that when possible, TPB constructs should be measured using both direct and indirect methods. However, given the already large size of Q1 and Q2, and a specific interest in the individual beliefs and subsequent outcome evaluations of each item pair within each TPB construct, an indirect measure TPB instrument was solely used. As a result, comparisons between indirect and direct measures cannot be performed to assess consistency between questions. Additionally, given that FF respondents were asked to report on their attitudes about, and the effect of, FF by the administrators of FF, it is important to acknowledge that respondents may have deliberately biased their responses to provide socially desirable answers. It is also particularly important to be reflexive about the fact that the knowledge assessment used in this study is based on questions and content that are defined as important by the researchers and research team with respect to JD control, and although piloted with a group of producers, it may not comprehensively address the complete knowledge level of respondents in this study as it relates to JD control. Furthermore, as a comparison group, control respondents were meant to represent the typical Ontario dairy producer; however, the low response rate (17%) for the Q1 control group may have contributed to selection bias, in the form of nonresponse bias, in this study. Because no reliable data currently exists on demographic characteristics of all Ontario dairy producers, we were not able to assess representativeness from this perspective. However, based on demographic comparisons between FF and control groups, FF respondents were more likely to be younger, have larger herds, and have higher DHI management scores than control producers, suggesting that FF producers may have been more progressive and had superior herds from the start. However, comparisons between FF and control groups showed no significant differences with respect to herd-level production and reproduction characteristics. Moreover, both FF and control respondents tended to have better production and reproduction than all CanWest DHI herds, indicating that study participants, regardless of group, are different from the average CanWest DHI herds in Ontario. These differences are similar to other studies, which identified higher production among participants than nonparticipants (Raizman et al., 2006; Sorge, 2010a) . Therefore, the participants in this study may be more progressive and informed than the overall Ontario dairy population, and as a result, some caution may need to be applied in the generalizing of these findings to the broader population.
CONCLUSIONS
This study focused on the importance of the factors underlying dairy producers' on-farm behaviors. Although study respondents perceived JD control as important, and perceived moderate pressure from veterinarians and industry organizations to make on-farm changes, they questioned their ability to effectively control JD. Extension efforts must routinely, and consistently, communicate the importance of JD control at producer and industry levels. Future communication with dairy producers must also focus on the efficacy of recommended changes with respect to effects on fecal-orally transmitted diseases and the long-term persistence needed to effectively control JD. This study showed that the participatory-based, experiential learning approach employed by FF was an effective method for improving the adoption of on-farm management practices for JD control. Participants in the FF process reported improvements in attitude and perception toward JD control, exhibited improved knowledge levels, and a significant proportion made on-farm changes for JD control. Other RA-based JD control programs should consider the implementation of self-directed, peer-learning processes, such as FF, to effectively influence the antecedents of behavioral change and improve the success of industry-wide JD control efforts.
